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Abstract We argue that high-quality data on the reaction 
n^n^rj will allow one to determine the double 
off-shell form factor t] — 7 * y* in a model-independent way 
with controlled accuracy. This is an important step towards 
a reliable evaluation of the hadronic light-by-light scat¬ 
tering contribution to the anomalous magnetic moment of 
the muon. When analyzing the existing data for e+e^ -> 
Tt^Tt^rj in the range of total energies IGeV^ < Qi < 
( 4.5 GeV)^, we demonstrate that the double off-shell form 
factor 

/7j 7*7* (Giifii) consistent with the commonly em¬ 
ployed factorization ansatz at least for Q\ < 1 GeV^ if the 
effect of the a 2 meson is taken into account. However, better 
data are needed to draw firm conclusions. 


1 Introduction 

Transition form factors contain important information about 
the properties of the decaying particles. Additional interest 
in meson decays with one or two virtual photons in the fi¬ 
nal state comes from the fact that the theoretical uncertainty 
of the Standard Model calculations for the anomalous mag¬ 
netic moment of the muon will soon be completely dom¬ 
inated by the uncertainty of hadronic light-by-light ampli¬ 
tude (HLbL), where the latter appears as a sub-amplitude. 
Recently the Bern group reported on important progress to¬ 
wards a model-independent determination of the HLbL con¬ 
tribution based on dispersion theory [1,2,3]. In principle 
this allows for an analysis of similar rigor as commonly ap¬ 
plied for the hadronic vacuum polarization (cf. the recent 
review [4]). 
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In Ref. [5] the isovector contribution of the single off- 
shell form factor Frjyty{Q^) = Fj^y*y*(Q^,0) was calculated 
for virtualities 1 GeV^ from data on T] kkj and 

the pion vector form factor via a dispersion integral. This 
was done with the help of a convenient parametrization of 
the corresponding nn invariant-mass distribution derived in 
Ref. [ 6 ], see also [7]. In particular, it was demonstrated that 
when the high-statistics data of Ref. [ 8 ] was used to fix the 
77 -4 rniy input, this procedure leads to a determination of 
F-qytyt {Q^,0) with an accuracy higher than that of the most 
recent direct measurement [9]. Especially this is the case 
since the isoscalar contribution is negligibly small. 

In this article, the program to pin down the rj transi¬ 
tion form factors with high accuracy will be extended to 
the double off-shell form factor Fj^y*yt (Q^jQ^) in the kine¬ 
matic regime Qj <C IGeV^ and Q 2 > IGeV^. The analy¬ 
sis is based on input from the reaction see 

Fig. 1, which plays a very similar role to data on —7 3;r 

for the transition form factor [10]. The method provides 
access to the double off-shell form factor in a kinematic 
regime where it is yet unknown. In particular it allows for 
a test whether the factorization ansatz 

Friytyf (Qj,Q2) = Frify(Qj)Friyyt (Q 2 ) ( 1 ) 

is still valid in the kinematic regime specified above. ^ It 
should be stressed that although a direct measurement of the 
double off-shell form factor via —7 Tje+e^ is in prin¬ 
ciple possible, we still expect our method to lead to higher 
accuracy, simply because the hadronic rates for 7 * —7 rjTTTT 
are a factor 1 /ctggQ larger than those for 7 * — rje^e^. 

In Ref. [11] it was argued that the 122 ( 1 320), a tensor res¬ 
onance with = 1 ^( 2 ++), should provide the lead¬ 

ing left-hand cut contribution to the decay amplitude for 

’ Strictly speaking, we test factorization for the isovector-isovector part 
of the transition form factor, as the isoscalar-isoscalar contribution is 
small unless one of the virtualities hits a narrow isoscalar resonance. 
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Fig. 1 The reaction e+e r\n^n . The wiggly, dashed, solid, and 
double lines denote photons, pions, T], and 02 meson, respectively. The 
gray blob stands for the KTl final-state interactions. 


Tj —> nny, and accordingly distort the spectra significantly, 
however, only beyond the kinematic region accessible in the 
direct measurement of the decay. Interestingly all necessary 
parameters can be fixed from data directly. The claim was 
corroborated by an analysis of the data for r\' —?> rniy. In 
this work we therefore also include the a 2 contribution. Dia- 
grammatically this amounts to including ^2 t- and M-channel 
exchange as shown in Fig. 1(b), in addition to the structure¬ 
less vertex of Fig. 1(a). 

Unfortunately, the data presently available for the reac¬ 
tion —i> rjn^n^ is very limited: only BaBar provides 

a nn spectrum of moderate accuracy, with the additional 
shortcoming that it is not given at a fixed value of Q 2 , but 
for 02 integrated in a range from IGeV^ to (4.5GeV)^ [12]. 
As we argue below, this integration limits the extraction ac¬ 
curacy of the form factor, since changes in the nn spectrum 
cannot only be induced by changes in the 2 ^-dependent part 
of the amplitude, but also by changes in the parametrization 
of the line shape of the p'. The latter is the first excited reso¬ 
nance of the p meson and dominates the total cross section. 
Our analysis reveals that as soon as the effect of the left- 
hand cut provided by the exchange of the a 2 tensor meson 
is taken into account, the BaBar data are consistent with the 
factorization ansatz of Eq. (1). 

The paper is structured as follows. In the next section we 
briefly recapitulate the formalism of Ref. [5] for the single 
off-shell rj transition form factor, based on dispersive repre¬ 
sentations of the 77 —7 TTTry amplitude discussed in Refs. [ 6 , 
11]. Subsequently the formalism is extended to the double 
off-shell form factor of interest here. In Sec. 3 we discuss 
the parametrization used for Q 2 > IGeV^, 

which is beyond the range of applicability of the dispersive 
approach employed in this work. In Sec. 4 we present and 
discuss the results of our analysis without and with the in¬ 
clusion of the a 2 contribution, as well as the impact on the 
77 transition form factor. We close with a summary and dis¬ 
cussion. 


2 Dispersive representations 

The decay amplitude for T]{pr\) -> {p-)y{py) 

can be written as 

= ie^yape^{py)p\p^p^^{snK:t,u), ( 2 ) 

with the Mandelstam variables given as = ( 77 + -|- p-)^, 
t = [px] — P+)^, and u = {pri — p-)^. An expansion of 
■^{sKK^tpi) in pion-pion partial waves proceeds in odd 
waves only, and is totally dominated by the P-wave [ 11 ], 
denoted as F-qKKy{szn) in the following, 

3 

FrjKnyisnTc) = J ~ ,t ,u), (3) 

where 


z = cos 9 


t — u 


(^Tci^Tin) 



(4) 


In Ref. [ 6 ] it was shown that the P-wave can be written 
as 


FriTinyi^nTc) — Z^K7iyFi'^7:7l)Fv (Sjiyi) , (5) 

where P{sji„) is a function that does not have a right-hand 
cut, A^ny is a normalization constant, and Fv{sjnt) is the 
pion vector form factor that can be extracted directly from 
data (like 77+77^ or n^n^Vx) or taken from 

certain parametrizations (in Refs. [6,5] the parametrizations 
of Refs. [13,14] were used, respectively). Thus, the differ¬ 
ential cross section for 77 77777 can be written as 

d./”" ^ 

- 7 ^ = \A^^nyP{^Kx:)Fv{s^^)fro{s^n), ( 6 ) 

asjxn 

where the function fo(i;rs) collects the phase-space terms 
and kinematical factors of the modulus square of the invari¬ 
ant matrix element for the point-particle case [6]. In Refs. [6, 
8] it was shown that the function P{s-x 7 i) is sufficiently well 
approximated as 

P{^kk) = 1 + CiSjiji (7) 

to describe the high-accuracy 77 —> 77777 decay data obtained 
by the KLOE collaboration [8], which determines a to be 

a = (1.32±0.13)GeV^^ (8) 


The uncertainty contains both systematic as well as statisti¬ 
cal errors. The same ansatz also works when in Eq. (6) the 
form factor Fy is replaced by the Omnes function 


^{sTin) = exp 



di' 


s'{s' -Sjxjt) j ’ 


(9) 









3 


where 5 i(s 7 i 7 i:) denotes the pion-pion P-wave phase shift, 
since Fv{sjcji:) and only differ by an another linear 

polynomial [5], 

Fv{,s-jiji) = , ( 10 ) 

where R{stik) = 1 + (0.12±0.01)GeV^^S;[:;[. Due to this the 
slope parameter of the function Pq (sjui) in the Omnes func¬ 
tion case increases to [ 11 ] 

= (1.52±0.06)GeV-^ (11) 


in the range < Sj^ji < IGeV^. It turns out that with 
ttaj = 0.28 GeV^^ and = —0.66GeV^^, the approxima¬ 
tion works to better than 1% accuracy. Note that the over¬ 
all strength of the a 2 contribution is phenomenologically 
known from a 2 branching fractions to better than 10 % accu¬ 
racy [11]. Given the size of the errors in the data analyzed in 
the present study, we will neglect this source of uncertainty 
in what follows. 

The Tj - 3 ^ 7*7 transition form factor FrjyyiQ^) = 
Friy*Y* ( 2 ^, 0 ), related to the full transition amplitude via 


with here only the statistical uncertainty included. Since the 
02 contribution of Ref. [ 11 ] is calculated employing the Om¬ 
nes function and not the vector form factor, we will also use 
the former in this work in order to allow for a more straight¬ 
forward comparison of the results. 

It was demonstrated in Ref. [11] that beyond the 
range accessible directly in the decay Tj —> nny, the left- 
hand cut contribution of the a2(1320) distorts the linear be¬ 
havior of PiySjiji) significantly. In order to include the left- 
hand cut contribution induced by the 02 , we need to gener¬ 
alize the dispersive representation of Fr^nnyisTcz) according 
to [ 11 ] 

Fr\jiity{sjin) — -^2 -^2 KK ), ( 12 ) 

with 

Fa2{^i[7t) = 42 (i;r;r) '1^(1 + CCq [^ 2 ] + 

r d.;' singi(.y')Pa^(.5') ) 
n JAml s'^ |42(s')|(s'-S;r7r) j ’ 

Faiisnn) = - J ^dz {l - Z^) ,u), (13) 


=A^yym^ e’”’-^p%y,y{Q^) , (17) 


can be decomposed into its isoscalar (/ = 0 ) and isovector 
(7=1) parts according to 

F,^y.y[Q^) = 1 -f , (18) 

with the isovector part given as 


I riy*y 


afi-:.\q^) = 


emr^A'lj,y[a2]Q-' 

7687t:V2 

[^ 2 ] i^7C7c)Ri^K7c) |42 (i'Tcn') | ^ 

^TCTC ~ 



(19) 


Here r and m are the spatial indices of the polarization vec¬ 
tors of the two outgoing photons, is the antisymmetric 
tensor in three dimensions, and py is the three-momentum of 
the on-shell photon. The expression above is slightly mod¬ 
ified compared to the one given in Ref. [5] to allow for the 
inclusion of the a 2 -meson effects. The original form may be 
recovered by the replacement 

PQ\o-7\isTi7c)R{sjiTi)\Q,{s-i[-jt)\ P{sjiji)\Fv{s]iji)\ . 


where comprises the 02 t- and M-channel ex¬ 

change amplitudes, see Ref. [11] for details. The subtraction 
constant [ 122 ] that takes over the role of the slope param¬ 
eter Uq is shifted only marginally; extracted from a fit to 
TJ ;r;r 7 (where Sjm < 0.25 GeV^), it reads [11] 

«i 2 N = (1-42 ±0.06) GeV^ 2 _ (14) 

Let 

Al„y[a2]Pa[a2]{s2cn) = ■ (15) 

The function Pq [ 02 ] {sim) is a straightforward generalization 
of Pn{sjcK), which is still free of right-hand cuts, but now 
contains the left-hand cut due to 02 exchange. The constant 
A^jiy[a 2 ] is chosen such that FrfKKy is normalized to the ex¬ 
perimental rate for 77 —> nny. Pq (sjctt) can be approximated 
by 

Pn[a2]{sKK) ~ l + {an[a2] + aa2}snK + lia2sln (16) 


The isoscalar contribution is defined to vanish in the on-shell 
limit as well, i.e. AF^’y^^'^ (0) = 0. As shown in Ref. [5], it is 
negligibly small for the tj transition form factor. The prefac¬ 
tor is specified by the tj — 77 partial decay width Tj,y [15]. 

The same method that allowed us to connect tj —> nny 
to the isovector component of tj 7 * 7 permits to connect 
7 * — TJTTTT to the isovector component 7 * tjt* and thus 
to the double off-shell tj transition form factor. To reach this 
goal we first need to generalize Eq. (12). In the spirit of the 
factorization formula ( 1 ) we now make the following ansatz 
for the pertinent form factor: 


FrjTiny* — ^r\mip {sj[mQ2)Pri7i7i:y{sjin)F-qyy* {O^ 


( 20 ) 


While this ansatz is still general as long as the function 
■^■qiiny* is not specified, it is very convenient for us in what 
follows: any deviation of ^r\nKy* from a constant is a direct 
measure for a violation of the standard product ansatz in the 







4 


transition form factor. For values of S;r;E smaller than 1 GeV^ 
we may use 


^TiKKy* {s KK^Q^FTqTlKyis Kk) — Pq [^^ 2 ] 7I7C T Q 2 ) ^ JtTc) ' 

( 21 ) 


If the factorization ansatz of Eq. ( 1 ) is still applicable in the 
kinematic regime investigated here, PQ[a2\{s-jnt^Q\) should 
be independent of Q\ and compatible with Pn[a2\{sTfji) 
found in the analysis for 77 — nnj — cf. Eqs. ( 15 ) and ( 16 ). 
In particular we use 


Pq [^*2] (■Stitt,22) — 1 + |oci 2 [^2] (22) + |stiti + i 

( 22 ) 


with the values for and Pa 2 as given below Eq. ( 16 ). We 
therefore find the following expression for the double off- 
shell form factor 


Eijyty* (21,22) —^ 1 ) 77 * (22) 


1 +AF 


(/=!) 


riy*Y^ 


(QlQl) 


( 23 ) 


where the small isoscalar contribution was dropped to sim¬ 
plify the expression. Using the notation introduced above we 
may write the isovector piece as 


AF, 


(J=i) 


7 ) 7 * 7 * 



( 24 ) 


Note that Fj^yy* {Q2) cannot be treated within the formalism 
of Ref. [ 5 ], since with 22 > 1 GeV^ it is to be evaluated in 
a kinematic regime where the original method, relying on 
elastic unitarity, is no longer applicable. However, as will be 
shown in Sec. 3 , for the analysis aimed at here we only need 
a convenient parametrization of Friyy* (22)- 

In order to fix a^[a2](22) ^^d E7j77*(22), which pro¬ 
vide the input for the calculation of Fj^y*yt ( 2 i, 22), data on 
rjTTTT needs to be analyzed. To prepare for this we 
write the rjTTTT cross section as 



= N 


= N' 


Qi 


rjTiny* 


(■Stitt, 22) | 



n3 


Ql " 


P 71 | 0 ’ti(stiti) 


1-^7777* ( 22 ) I |■^(STITI)| 


1 + [^ 2 \ ( 22 ) + 0!a2|^*TiTi+ ^ 02^7171 


( 25 ) 


where p^, the 77 momentum in the overall center-of-mass 
system, reads 


i-;i^= 4 aL 


(22 ~ Sttti ~ 777^) — 4s;i 


( 26 ) 


Since we only care about the shape of the cross section, the 
overall normalization constants N or N' = N x A^7[y[a2]^ are 
irrelevant and therefore not specified in the above. 

In principle, we are now in the position to extract 
[<72] (22) directly from data on 77* 777777: any deviation 

of [122] (22) from the 22‘independent value [122] given 
in Eq. ( 14 ), extracted in 77 —7 77777, would then be a direct 
signal of a violation of the factorization ansatz. In any case, 
once [122] (22) determined at any fixed value of 2 ^, one 
may use Eq. ( 19 ) to calculate the full off-shell 77 transition 
form factor. 

Unfortunately at present this program cannot be pur¬ 
sued, since data for the 7777 spectrum are available only with 
a simultaneous integration over the initial energy 22 - There¬ 
fore it is not possible to extract values for [122](22) 
a function of 2 ^, but only to extract some averaged value 
[122] ■ Moreover, since the value of [122] also influences 
the shape of the total cross section for 777777, a com¬ 

bined fit to the 7777 spectrum and the total cross section is 
mandatory, which calls for a parametrization of the data 
in kinematic regimes that cannot be captured by the dis¬ 
persion integrals employed in this work. We describe this 
parametrization in the following section. 


3 Form factor parametrization above 1 GeV 

Eor the fit to the total cross section we need to parametrize 
the function (22) for 22 > IGeV^. As one can see 
from the right panel of Eig. 2 , the total cross section for 
777777 shows a very prominent contribution from 
an excited p resonance, the p' or p( 1450 ). Moreover, a de¬ 
tailed look at the low-energy side reveals that a data fit is im¬ 
proved significantly by the inclusion of a contribution from 
the tail of the p( 770 ) resonance. It should be stressed that 
what is crucial for the analysis is not that we have the cor¬ 
rect physics optimally built into the parametrization of the 
function F-qyy[Q^, but all we need is a convenient repre¬ 
sentation that describes the data for the quantity of inter¬ 
est for this analysis: the 22 ‘iutegrated 7777 spectrum. Since 
FrirpiQ^) enters here as a weight factor— cf. Eqs. ( 23 ) and 
( 25 ) —it is sufficient to parametrize ^7777* (22) by a sum of 
Breit-Wigner functions. Clearly in doing so we should not 
expect the resonance parameters to agree with those of the 
Particle Data Group, since Breit-Wigner parameters are re¬ 
action dependent. 

We have tested three different parametrizations. Eirst we 
include only a single excited vector meson, p', in the func¬ 
tion F-qyy* {Q2), where the mass and the width of the p' are 
taken as free. Thus, we have three parameters (the third one 
is the overall normalization constant M). Second, the contri¬ 
bution of the tail of the p ( 770 ) resonance is added to the sin¬ 
gle p' Breit-Wigner resonance, such that there are two more 
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Fig. 2 Result of the best fit for mem = 1 GeV to both the Ttn spectrum (left panel) and the total cross section (right panel) for the reaction 
> rjTtTt. Data are from Ref. [12], 


parameters, modulus and phase of the coupling of the sec¬ 
ond Breit-Wigner function. The third scenario is adding one 
more excited p-resonance contribution to the second strat¬ 
egy. In this way, there are four further unknowns, namely 
mass and width of the p" resonance, as well as modulus and 
phase of the additional coupling constant. Note that most 
experimental or phenomenological analyses of the reaction 
> rjnn employ two or three vector resonances [16, 

17,18], 

It turns out that the second strategy provides a signifi¬ 
cantly better fit than the first, which in fact is consistent with 
the comments in Ref. [12] that—in addition to the p '—also 
the contribution of the p{llQ) resonance is important. The 
quality of the data does not allow us to fix the parameters of 
the p" resonance added for the third fit. In addition, the val¬ 
ues extracted for using the different strategies turn out 
to be consistent with each other. Below we therefore only 
quote the values from the second strategy. 

In addition to the necessity to model the form factor 
FnrriQl) for Ql > IGeV^, we also need to parametrize 
the part of the nn spectrum for which s^k > 1 GeV^, since 
the ansatz of Ref. [5] should not be applied in this kinematic 
regime that, however, is probed in the evaluation of the to¬ 
tal cross section. We therefore fit a polynomial linear in s-^ji 
to the nn spectrum for with the constant term 

adjusted to obtain a continuous curve. Since the effect of 
higher p resonances on the nn spectrum is expected to set 
in only beyond = IGeV^ [5], we regard m^ut = IGeV 
as a canonical value. To get an idea of the sensitivity of the 
analysis on nicut, we also vary its value around 1 GeV. 


4 Data analysis and results 

4.1 Analysis of nnrj 

The fit results are summarized in Table 1 . The resulting spec¬ 
tra for the canonical value meut = 1 GeV are shown in Fig. 2. 
In particular for meut = 1 GeV we obtain 

= l-4±0.3GeV^^ (27) 

where the error is the statistical fit error only; the systematic 
uncertainty will be discussed below. Equation (27) nicely 
agrees with the corresponding value of Uq [a 2 ], cf. Eq. (14). 
Therefore, Eqs. (19) and (24) give the same = Q\ de¬ 
pendence for the single and the double off-shell form factor, 
respectively. This indicates that even for Q\ > 1 GeV^ the 
form factor can be factorized in the sense of Eq. (1). 

It should be stressed that with the present data situa¬ 
tion, a sensible analysis of the uncertainty of the value of 
(Xq [ 02 ] is very difficult, if not impossible. However, as soon 
as data will be available for the two-pion spectrum of the 
reaction r\nn at different values of Qj (and in par¬ 

ticular without an integration over the total energy), neither 
a parametrization of F-qyy* nor an extrapolation of the nn 
spectrum to higher values of Sj„i —the two largest sources 
of uncertainties for the present analysis—are necessary any¬ 
more. We therefore do not present any detailed discussion of 
uncertainties here. 

It is interesting to observe that as soon as the a 2 con¬ 
tribution is omitted (by setting and equal to zero 
in Eq. (22)), the value of obtained from the fit is 
0.4±0.2GeV^^ (again for meut = IGeV), and therefore 
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Table 1 Fit results for the slope [a 2 ], the mass nipi, and the width Fpi, for various values of rricut- In addition the last two columns show the 
reduced values of the simultaneous fits to the TtTt spectrum {x^j^/Aoii) as well as the total cross section (;(j(Q,/dof 2 ), respectively. 


mcut (GeV) 

“fl[«2](GeV 2) 

iHpi (GeV) 

Fp, (GeV) 

xL/dofi 


0.8 

0.55 ±0.19 

1.50±0.02 

0.46 ±0.07 

1.44 

1.74 

0.9 

1.01 ±0.24 

1.51 ±0.03 

0.53 ±0.09 

1.30 

1.74 

1.0 

1.35±0.28 

1.51 ±0.02 

0.60 ±0.06 

1.34 

1.75 

1.1 

1.66 ±0.36 

1.51 ±0.03 

0.67 ±0.10 

1.47 

1.80 

1.2 

1.92 ±0.43 

1.49 ±0.03 

0.72±0.10 

1.59 

1.86 


turns out to be significantly below an = 1.52GeV^^, the 
corresponding slope extracted for the same amplitude with 
a real photon, cf. Eq. (11). Thus, the double off-shell form 
factor of the rj is consistent with the factorization expression 
of Eq. (1) only when the a 2 contribution is included. The 
sizable shift of the slope from oIq to (Xq [aj] can be under¬ 
stood in a straightforward manner: the main impact of the a 2 
contribution on the rni spectrum is to provide a downward 
curvature, cf. Eq. (16), with the coefficient being sizable 
and negative. Accordingly, a fit with only a linear term must 
find a reduced strength.^ 

4.2 Single and double off-shell form factors for the rj 

Now we have all parameters fixed to study the single as well 
as the double off-shell form factor of the rj. Eigure 3 shows 
the result for the Tj —> 7*7 transition form factor based on 
Eq. ( 1 8), compared to the most recent experimental data [19, 
9]. The black dashed line is calculated without the inclusion 
of the 02 meson with a cutoff of 1 GeV^ applied to the in¬ 
tegral of Eq. (19). A detailed discussion of how to estimate 
the uncertainty of this curve is presented in Ref. [5] and will 
not be repeated here. This line is very close to the central 
result of Ref. [5] —the only difference in the evaluation is 
that here all calculations are based on the Omnes function, 
while the pion vector form factor was used previously. The 
effect of the inclusion of the 02 meson, which provides the 
most prominent contribution to the left-hand cut, is to shift 
the result for the form factor from the black dashed line to 
the red solid line, which is located well within the 2a region 
of the original calculation [5]. 

The influence of the 02 contribution can also be seen in 
the value of the slope parameter defined via 

F^y,y(Q^) = l+b^Q^ + ^(Q^). (28) 

While without inclusion of the 02 we obtain [5] 

h^=2.1+‘J;2GeV-2, (29) 

^In full analogy it was found in Ref. [11] that the inclusion of the 02 
contribution in a fit to rj' —> TrTty increases the coiresponding slope 
from ( 0 . 6 ± 0 . 2 )GeV -2 to (1.4±0.4)GeV-2. 



Fig. 3 Result for the p — > 7* 7 transition form factor with and without 
inclusion of the left-hand cut introduced by the 02 meson. The very 
small isoscalar contribution has been omitted. Data are from Ref. [19] 
(black dots; deduced from p —> and Ref. [9] (green squares; 

deduced from p —> e+e^y). The solid red (dashed black) line shows 
the central result from the dispersion integral with (without) inclusion 
of the fl 2 -meson effects. The inlay shows a zoom into the region of 
small virtualities. 

the inclusion of its effects yields [ 11 ] 

^H = 1.9;jJ:?GeV-2. (30) 

In both cases, the very small isoscalar contribution has again 
been neglected. 

As discussed above, the two-pion spectrum for 
rjTTTT (integrated in the range from 1 to (4.5GeV)^) agrees 
with the one observed in 77 — TTTry. It was the latter dis¬ 
tribution that provided the crucial input for the evaluation 
of the single off-shell transition form factor FrjfyiQ^) = 
,0) via Eq. (19). We are thus to conclude that the 
experimental information available at present is consistent 
with the claim that the full off-shell form factor can indeed 
be expressed as 

PrjfT = ^P7'y(2l)^P77* ( 22 ) 5 (31) 

even for values of Q 2 between 1 and (4.5GeV)^. In partic¬ 
ular, for any fixed value of in Ihi® range the shape of 
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(Qjjgj) will agree with the red solid line shown in 
Fig. 3 within uncertainties. 

5 Summary and discussion 

Our analysis shows that the value for the (averaged) slope 
parameter (Xq extracted from a fit to rinn is con¬ 

sistent with the analogous parameter found in Tj nnj, 
as soon as the leading left-hand cut contribution mediated 
by the tensor meson a2(1320) is included in the dispersion 
integral. This confirms the conjecture of Ref. [11] that the 
a 2 should also influence the Tj transition amplitudes, in full 
analogy to what was found in the same reference for Tj' — 
nny. 

A value of Uq consistent between these two reactions— 
although the photon virtualities are quite different—is an in¬ 
dication that the factorization ansatz of Eq. (1) for the double 
off-shell form factor is valid in the kinematic regime stud¬ 
ied, since the distribution found in —?> r\nn directly 

feeds into a dispersion integral that Axes F,)y*y*(2i,22) 
IGeV^ 
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